The full-length cDNA sequence of a new pheromonebinding protein (AscrPBP2) was determined from a geometrid moth, Ascotis selenaria cretacea, which secreted a Type II sex pheromone, and an antiserum against its recombinant protein overexpressed in Escherichia coli was prepared. In addition to this antiserum against AscrPBP2, antibodies against AscrPBP1 and general odorant-binding proteins of Bombyx mori were used in Western blotting experiments to analyze the proteins in the antennae of several lepidopteran species secreting Type II sex pheromone components.
for the transportation of sex pheromones and general odorant-binding proteins (GOBPs) 3) for the transportation of other odors, such as the scents of host plants. PBPs are localized mainly in the sensilla trichodea of the male antennae, and GOBPs are more abundantly expressed in the sensilla basiconica of females than in those of males. 4, 5) While both proteins share some highly conserved regions, including six common cysteine residues, the former moth proteins (about 15 kDa) are further divided into three groups, Clusters A-C, 6, 7) and the latter (about 17 kDa), into two groups, GOBP1 and GOBP2.
Most lepidopteran pheromones are classified into two major groups, Types I and II, according to their chemical structures. 8) Type I pheromones are composed of C 10 -C 18 unsaturated compounds with a terminal functional group, such as bombykol of Bombyx mori, and have been frequently identified from many species in various families. On the other hand, Type II pheromones identified from species in highly evolved insect groups are composed of C 17 -C 23 unsaturated hydrocarbons and their epoxy derivatives without a terminal functional group. 8, 9) The OBPs of moths have been investigated mainly in species secreting Type I pheromones, 4, 5) and information about proteins from species secreting Type II pheromones is very limited. Recently, we identified one protein (AscrPBP1) grouped in Cluster C from the antennae of the Japanese giant looper, Ascotis selenaria cretacea, 10) whose mating communication is mediated with (Z,Z,Z)-3,6,9-nonadecatriene and cis-3,4-epoxy-(Z,Z)-6,9-nonadecadiene. 11, 12) This is the first identification of PBP from a species in the family of Geometridae, and no other OBPs of the insects producing Type II pheromones have been reported. Furthermore, since many lepidopteran insects produce multiple PBPs, we designed primers with reference to conserved regions in some PBPs of Clusters A and B to examine other proteins in A. s. cretacea antennae. In these PCR experiments, part of one gene encoding the expected length of a protein in Cluster B was amplified. 10) In order to understand the perception system of the geometrid species in detail, we determined the sequence of the full-length cDNA encoding the protein defined as AscrPBP2 in this study. Moreover, we prepared an antiserum against its recombinant protein overexpressed in Escherichia coli and analyzed the antennal proteins of some species secreting Type II pheromones using the antibodies against AscrPBP2 and some other OBPs. The results are presented in this report.
The sequence of the full-length cDNA of AscrPBP2 (953 bp, GenBank AB327273), shown in Fig. 1 , was determined using 5 0 -and 3 0 -rapid amplification of cDNA end strategies. To determine the 5 0 -terminus sequence, the single-stranded cDNA was amplified with a GeneRacer 5 0 -primer (CGACTGGAGCACGAGGACA-CTGA), a reverse gene-specific primer for AscrPBP2 (A4), and a nested primer (A3) using a GeneRacer Kit (Invitrogen, Carlsbad, USA). Single-stranded cDNA for 3 0 -RACE was prepared from antennal mRNA (100 males) with an oligo(dT)-M13 adaptor primer (AGC-GGATAACAATTTCACACAGGAAAC) and ReverTra Ace, and amplified with the forward gene-specific primers for AscrPBP2 (S4) and nested (S3). The cDNA included an open-reading frame of 489 nucleotides encoding 162 amino acids, using ATG (49-51) as an y To whom correspondence should be addressed. Tel/Fax: +81-42-388-7278; E-mail: antetsu@cc.tuat.ac.jp Biosci. Biotechnol. Biochem., 73 (6), [1443] [1444] [1445] [1446] 2009 Note initiation codon and TAA (535-537) as a termination codon. In addition, the first methionine and a putative signal sequence of 20 amino acids (49-109) were predicted by NetStart (http://www.cbs.dtu.dk/services/ NetStart/) and SignalP (http://www.cbs.dtu.dk/services/ SignalP/), respectively. The 3 0 -terminus sequence included a putative polyadenylation signal sequence, AATAAA, with the poly (A) tail beginning at the 909 position.
The mature AscrPBP2 protein had a deduced molecular mass of 15 Fig. 2 . While the similarity between AscrPBP1 and AscrPBP2 is 40%, that between AscrPBP2 and other proteins in Cluster B is about 60%. A preliminary binding experiment on AscrPBP2, which was carried out in a manner similar to that for AscrPBP1, 10) indicated its binding of the pheromone components of A. s. cretacea (data not shown). Because both AscrPBP1 and AscrPBP2, with an ability to bind Type II pheromone components, are defined as proteins in the known clusters, it appears that the differences among the clusters are not caused by structural differences in the bound pheromones. It would be interesting to know whether each cluster covers a specific function.
The specific distribution of Ascr-PBP2 in antennae was confirmed by RT-PCR analysis, which was performed with primers, GSF2 and GSR2, and cDNAs prepared from various tissues of A. s. cretacea (Fig. 3A) . Furthermore, an antiserum against a recombinant protein of AscrPBP2 was prepared in a manner similar to that of AscrPBP1.
10) The coding region for the putative mature protein of AscrPBP2 was amplified by PCR using specific primers (GSF2 and GSR2, Fig. 1 ) encoding BamHI (Takara Bio, Ohtus, Japan) and XhoI (Takara Bio) recognition sites. Each PCR product was cloned in the GST fusion protein expression vector pGX-4T-3 (GE Healthcare UK, Buckinghamshire, UK) Lineage analysis was based on their amino acids using CLUSTALW by the neighbor-joining method (http://www.ddbj. nig.ac.jp/search/clustalw-j.html), and the phylogenetic tree was visualized by TreeView. Branch lengths are proportional to the percentage sequence difference: scale bar, 10% difference. Agrotis ipsilon (AipsPBP1: AY301985), A. segetum (AsegPBP1: AF134253), Antheraea pernyi (AperPBP3: AJ277265), A. polyphemus (ApolPBP3: AJ277267), Ascotis selenaria cretacea (AscrPBP2: AB327273, this work), Bombyx mori (BmorPBP2: AM403100), Helicoverpa zea (HzeaPBP: AF090191), Heliothis virescens (HvirPBP: X96861), Lymantria dispar (LdisPBP1: AF007867, LdisPBP2: AF007868), Mamestra brassicae (MbraPBP2: AF051142), and Sesamia nonagrioides (SnonPBP2: AY485220). and expressed in the E. coli BLR (DE3) pLysS cells (Merck, San Francisco, USA) and a fusion protein was obtained. The antiserum against the protein was raised by injecting a water suspension of the purified protein with an adjuvant into three female mice and further giving booster injections (four times) of the protein (15 mg each) without the adjuvant at 1-week intervals. Cultured supernatants of the blood samples collected from the mice were used as anti-AscrPBP2. After separation by Native-PAGE, proteins in an antennal homogenate of A. s. cretacea were subjected to Western blot analysis. Different proteins were detected by antiAscrPBP1 and anti-AscrPBP2 (Fig. 3B) , suggesting that these antibodies were not cross-reactive. This analysis also revealed that AscrPBP2 is protein X, which was detected to be more abundant than AscrPBP1 in our previous experiment. 10) In addition to anti-AscrPBPs, previously prepared antibodies for GOBPs of B. mori (anti-BmorGOBP1 and anti-BomrGOBP2) 10) were used in Western blotting experiments to analyze the proteins in the antennae of B. mori, A. s. cretacea, and the following three species with Type II sex pheromones: mulberry looper (Hemerophila atrilineata, Geometridae), 13, 14) fall webworm moth (Hyphantria cunea, Arctiidae), 15) and wasp moth (Syntomoides imaon, Arctiidae). 16) Figure 3C shows the proteins visualized by immunoblot staining with the antibodies after SDS-PAGE. This analysis indicated that both anti-BmorGOBP1 and antiBomrGOBP2 were reactive to antennal proteins not only of B. mori but also of all the other species. Since these antibodies are not cross-reactive against each other, 10) it would appear that the two GOBPs occur in the antennae of species secreting Type II pheromones as often as they do in those of species secreting Type I pheromones. On the other hand, all male antennae included the protein detected by anti-AscrPBP1, but anti-AscrPBP2 detected nothing in the antennae of H. atrilineata and H. cunea. Anti-AscrPBP2 interestingly stained a protein in the male antennae of B. mori, which included PBP in Cluster B. 7) Since the specific recognition regions of the polyclonal antibodies remain unidentified, it is difficult to conclude the details of PBPs included in the antennae examined. The specificities of these antiserums against the PBPs of many other insects ought to be examined. The experiment with antiAscrPBP1, however, indicated that the reactivity of antiAscrPBP1 might be wide among the insect species examined, and that each species might have PBP in Cluster C. The experiment with anti-AscrPBP2 suggests its narrow reactivity as one possibility. If the antibody has wide reactivity as another possibility, it can be deduced that H. atrilineata and H. cunea express no proteins in Cluster B in their antennae. In addition, molecular studies are necessary to investigate the PBPs of many species secreting Type II pheromones.
While pheromone receptors strictly recognize the structures of pheromone components, the binding specificity of PBP is not high, as indicated by our previous experiment with AscrPBP1, 10) suggesting a supporting role in the perception of a species-specific pheromone by each species. Recent research with fruit flies expressing receptor and PBP genes of B. mori, however, indicates that stimulation of a receptor is effectively accomplished by direct interaction between the receptor and PBP. 17) On the basis of our identification of PBPs in A. s. cretacea antennae, the entire perception system of Type II pheromones can be accurately understood.
